Neurons in the monkey and rat cerebral cortex immunoreactive
for somatostatin tetradecapeptide (SRIF) and for neuropeptide Y (NPY) were examined in the light and electron microscope. Neurons immunoreactive for either peptide are found in all areas of monkey cortex examined as well as throughout the rat cerebral cortex and in the subcortical white matter of both species. In monkey and rat cortex, SRIF-positive neurons are morphologically very similar to NPY-positive neurons. Of the total population of SRIF-positive and NPYpositive neurons in sensory-motor and parietal cortex of monkeys, a minimum of 24% was immunoreactive for both peptides. Most cell bodies are small (8 to 10 pm in diameter) and are present through the depth of the cortex but are densest in layers II-III, in layer VI, and in the subjacent white matter. From the cell bodies several processes commonly emerge, branch two or three times, become beaded, and extend for long distances through the cortex. The fields formed by these processes vary from cell to cell; therefore, the usual morphological terms bipolar, multipolar, and so on do not adequately characterize the full population of neurons. Virtually every cell, however, has at least one long vertically oriented process, and most processes of white matter cells ascend into the cortex. No processes could be positively identified with the light microscope as axons. The processes of the peptide-positive neurons form dense plexuses in the cortex. In each area of monkey cortex, SRIF-positive and NPY-positive processes form a superficial plexus in layers I and II and a deep plexus in layer VI. These plexuses vary in density from area to area. All appear to arise from cortical or white matter cells rather than from extrinsic afferents. In some areas such as SI and areas 5 and 7, the superficial plexus extends deeply into layers III and IV; and in area 17, two very prominent middle plexuses occur in layers IIIB through IVB and in the upper one-third of layer V; these are separated by layer IVC, a major zone of thalamic terminations, which contains very few SRIF-or NPY-positive processes. The density of the plexuses is greater for NPY-positive processes than for SRIF-positive processes in all areas. In the rat, the plexuses do not display a strict laminar organization but generally are densest in the supragranular layers (I to III) and decline steadily in the deeper layers.
Most synaptic terminals in area 4 and in SI of monkeys that are immunoreactive for either SRIF or NPY are small (0.5 to 1.0 pm), and the cytoplasmic surfaces of all their contained organelles are labeled as well as the cores of the one or two large dense-core vesicles that can be present. Some of these terminals could not be seen to form synapses even in serial thin sections. Where their synapses could be identified they formed symmetric membrane thickenings and occurred principally onto dendritic spines or onto the shafts of small or medium-sized dendrites. Some SRIF-positive and NPY-positive terminals are larger (2 to 3 pm) and contain numerous labeled, large dense-core vesicles. These terminals form asymmetric synapses on large dendritic shafts arising from large nonpyramidal cells. Vol. 4, No. 10, Oct. 1984 feld, 1978 Straus and Yalow, 1978; Larsson and Rehfeld, 1979; Emson et al., 1980 , 1981 , Beinfeld et al., 1981 . The effects of application of many of the neuropeptides on cortical neurons have been examined (e.g., Phillis et al., 1978; Phillis and Kirkpatrick, 1980; Kelly, 1982) , but the role of the neuropeptides in the function of the cerebral cortex and the position of peptidergic neurons in the circuitry of the cortex remain to be determined.
Previous immunocytochemical studies have identified cells in the rat cerebral cortex displaying CCK-like (Innis et al., 1979; Loren et al., 1979; Emson et al., 1980; Emson and Hunt, 1981; McDonald et al., 1982d; Hendry et al., 1983b; Peters et al., 1983) , VIP-like (Fuxe et al., 1977; Hokfelt et al., 1982; McDonald et al., 1982a) , and SRIF-like immunoreactivity (Bennett-Clarke et al., 1980; Krisch, 1980; Finley et al., 1981; McDonald et al., 1982c) . In the cerebral cortex of both rats and humans the SRIF-like immunoreactivity has been co-localized in cells that also display avian pancreatic polypeptide (APP)-like immunoreactivity (Vincent et al., 1982a, b) , although this APP immunoreactivity has now been identified tentatively as neuropeptide Y (NPY) immunoreactivity (Tatemoto et al., 1982; Allen et al., 1983) .
Each of the immunocytochemical studies has identified the vast majority of peptide-immunoreactive neurons as belonging to one of the two fundamental populations of cortical neuronsthe nonpyramidal cells. Nonpyramidal cells are the intrinsic or interneuronal elements of the cortex (Jones, 1975 (Jones, , 1983 ) made up of several classes identified particularly by stereotyped patterns of axonal ramifications and termination (Ramon y Cajal, 1911; Colonnier, 1966; Valverde, 1971; Szentagothai an,. Arbib, 1974; Jones, 1975; Somogyi, 1977; Fairen and Valverde, 1980; Peters and Proskauer, 1980; Somogyi and Cowey, 1981) . Immunocytochemical studies of the localization of glutamic acid decarboxylase (GAD) have also identified several morphological classes of nonpyramidal cells as GABAergic (Ribak, 1978; Peters et al., 1982; Hendry et al., 1983a; Houser et al., 1983a, b) and, therefore, inhibitory (Krnjevic, 1974) . Studies of the localization of choline acetyltransferase (ChAT) also establish some nonpyramidal neurons as cholinergic (Houser et al., 1983a) .
Studies of cortical physiology have identified both inhibitory and excitatory effects exerted by cortical neurons (e.g., Toyama et al., 1981; Asanuma and Rosen, 1973) . It may be assumed that the GABAergic nonpyramidal cells are the major inhibitory cells, but relatively little is known about which classes of cells may be responsible for intracortical excitation. SRIF, when applied to hippocampal (Dodd and Kelly, 1981) or neocortical neurons (Phillis et al., 1978; Ioffe et al., 1978; Phillis and Kirkpatrick, 1980; Dichter and Delfs, 1981; Delfs and Dichter, 1983) , produces excitatory effects, suggesting that SRIF-immunoreactive neurons may function as excitatory intrinsic neurons in the cerebral cortex. SRIF has also been reported to produce inhibition (Renaud et al., 1975) and complex effects (Dichter and Delfs, 1981; Delfs and Dichter, 1983) on some cortical neurons. Because of the importance of SRIF neurotransmission in the cerebral cortex we have examined the distribution of SRIF-immunoreactive neurons, their processes, and the synaptic contacts in the cerebral cortex of rats and monkeys. Furthermore, because of the reported colocalization of SRIF-like immunoreactivity with APP (i.e., NPY)-like immunoreactivity in some cortical neurons (Vincent et al., 1982a, b) , we have also examined the neurons in rat and monkey cortex immunoreactive for NPY.
Materials and Methods
Five cynomolgus monkeys (Mucaca fascicularis) and eight Wistar rats of either sex were used in this study. Four monkeys and four rats were normal. (Jones et al., 1978 (Jones et al., , 1979 Lund, 1973 of either antiserum with the remaining synthetic peptides produces no effect on staining.
SRIF immunoreactivity
Stained somata and processes. Neurons in rat and monkey cerebral cortex displaying SRIF-like immunoreactivity are present in all cell-rich layers (II through VI) and occasionally in layer I (Figs. 1 and 2 ). SRIF-positive cells are also present in large numbers in the subcortical white matter of monkeys and, to a lesser extent, in rats. These cells generally lie within a millimeter deep to the cortex and are only rarely found in white matter not overlain by cortex, such as the corpus callosum (e.g., Fig. 9 ). There is some variability in the density of labeled somata from one area of cortex to another (see below), but SRIF-positive cells are present in all of the areas of monkey cortex examined and throughout the rat cortex, including the prepiriform and entorhinal areas. Within each area the greatest density of SRIF-positive somata is found in a superficial band that occupies layers II and IIIA and in a deep band that includes layer VI and the subjacent white matter, but intervening cells in layers IIIB through V are also found (Fig. 3 ). In the two major bands there is a tendency for stained cells to occur in clusters of three or more.
Most SRIF-positive neurons in rats and monkeys have round or fusiform cell bodies that vary in size from 8 X 8 pm in diameter to as much as 20 x 10 pm, although most are small. Many somata in rat cortex and virtually all in monkey cortex are homogeneously labeled, while the remainder in the rat contain numerous labeled granules scattered throughout their cytoplasm. Arising from all the homogeneously stained somata are at least two and often three or more processes. These are of variable diameter (1 to 5 pm) at their origins but none can be clearly recognized as an axon. The processes of SRIFpositive cells of both monkey and rat cerebral cortex have no systematic pattern of branching.
Based on the initial orientations of their processes, the cells might be divided into bipolar, bitufted, or multipolar forms, but when long lengths of their processes are stained, it is clear they adopt a wide variety of shapes which no single name could cover. Some pyramidalshaped cell bodies are labeled, but no SRIF-positive cell in rat or monkey cerebral cortex appears to be a pyramidal cell based on the distribution and morphology of its processes. The only consistent feature of SRIF-positive neurons is that one or more of their processes adopt at some point a vertical orientation.
This is particularly common for neurons with somata in layers IIIB through VI. SRIF-positive neurons in the superficial and deep strata also posess vertically ascending and descending processes, as well as horizontally oriented ones, and cells in the subcortical white matter send long ascending branches into layers V vand VI and occasionally into more superficial layers. The processes of most SRIF-immunoreactive neurons in monkey cerebral cortex are smooth at their origins and divide once or twice before giving rise to thin, regularly beaded processes. The beads are rather small (0.5 to 0.75 Frn in diameter), usually flattened, and separated from one another by very thin labeled segments, 1 to 2 pm long. Some beaded branches can extend for considerable distances (0.5 to 1.0 mm), apparently without further branching.
Others give off branches at regular intervals and end in a spray of branches.
The SRIF-positive cells in the rat cerebral cortex that show granular instead of homogeneous somal labeling form a large proportion (-40%) of the immunoreactive cells. These cells are clustered in the same layers as the homogeneously labeled neurons but display little staining of processes. Their size and their appearance in counterstained sections indicate that they are neurons and not neuroglial cells.
Area1 distribution
The distribution of SRIF immunoreactive neurons varies somewhat from area to area within both rat and monkey cerebral cortex (Fig. 3) . In monkeys the greatest density of labeled somata is evident in the parietal cortex (areas 5 and 7) and in the precentral motor cortex (area 4). A much lower density is found in the first somatic sensory cortex (SI; areas 3a, 3b, 1 and 2) and in the primary visual cortex (area 17). In rats there is some tendency for SRIF-positive somata to be more densely distributed in the region of the sensory-motor cortex. In these areas, in addition to superficial and deep bands of cells, there is a further middle band in layers IIIB and IV. The highest numbers are found in the prepiriform and entorhinal areas.
The differences in density of SRIF-positive neurons evident between areas within a single species are far less than the differences evident in a comparison of the two species. The density of SRIF-positive somata within any area and within any layer of the rat cortex far exceeds the greatest density of labeled somata in any area or layer of monkey cerebral cortex. In layers II to IIIA of rat sensory-motor cortex an average density of 28.7/mm2 of SRIF-positive cells is stained in rats, whereas in monkeys the average density is 3.2/mm2 in area 4 and 2.7/mm2 in area 3b.
SRIF-immunoreactive cells in the subcortical white matter
Cells displaying SRIF-like immunoreactivity are present in the white matter subjacent to all cortical areas in both rats and monkeys (Figs. 1 and 2). Similar to the distribution of SRIFpositive cells in the monkey cortex, a great density of labeled cells is present in the white matter of the superior parietal lobule and the precentral gyrus than in that of the postcentral gyrus or occipital lobe. The cell bodies are comparable in size and shape to those in the cortex. A large proportion of cells beneath the monkey cortex have fusiform somata with long axes parallel to the layer VI/white matter border. They give rise to two or three large, beaded processes that extend horizontally for some distance but usually turn and ascend vertically or obliquely into the overlying gray matter. Single processes can occasionally be traced from a cell in the white matter up into layer III. The processes of the cells in the white matter of the monkey differ from those in the cortex in having larger, more irregularly shaped beads that are separated by convoluted segments of various lengths. The relatively few SRIF-positive cells in the white matter beneath the rat cortex resemble much more the cells in the cortex than they do their counterparts in the white matter of the monkey.
Intracortical
plexuses of SRIF-immunoreactive processes The many processes of SRIF-positive cells in rat and monkey cerebral cortex form a complicated meshwork that can best be appreciated with darkfield illumination (Figs. 4 to 6 ). There is a strong tendency for SRIF-positive processes to be radially oriented in the middle layers of the monkey cortex, particularly in area 4. From these arise horizontal and obliquely oriented processes that form two or more plexuses in each area of monkey cortex. All of the SRIF-positive processes appear to arise from cells within the cortex and in the subjacent white matter, and not from fibers of extrinsic origin. However, in each plexus there are many short, twisted SRIF-positive segments and isolated labeled puncta that cannot be traced to their cells of origin.
In the precentral motor area, one plexus occupies the deep part of layer VI and extends just below its junction with the white matter. This plexus is made up of many relatively large vertical and oblique processes originating from cells in the white matter and in layer VI, and those descending from the few immunoreactive cells in layer V. A second plexus is present superficially, in layers I and II, but with its highest density of processes just beneath the pia mater. This plexus arises primarily from cells within layers II and IIIA. Between the superficial and deep plexuses the SRIF-positive processes are much fewer in number and consist mainly of those with a strongly vertical orientation.
Superficial
and deep plexuses of SRIF-positive processes, as dense as those in the primary motor area, are present in areas 5 and 7. In addition, a third plexus, continuous with that in the superficial layers, occupies layers IIIB and IV. A similar organization of three loosely organized plexuses is evident in SI, except that each plexus is less dense than in the parietal cortex and the staining is far less dense, overall, than in area 4. This is particularly evident in comparing layer I on the two sides of the central sulcus.
In the primary visual cortex (area 17) of monkeys, a superficial plexus, occupying layers I and II, and a deep plexus in layer VI are again present. Despite a decrease in the density of processes relative to comparable layers in other areas of monkey cortex, it can be seen that there is additional plexus formation in the upper part of layer V and in the deepest part of layer III, in layer IVA, and most of layer IVB. The intervening layer IVC contains few SRIF-positive processes. Very few vertically oriented processes are evident in any area of rat cerebral cortex. Instead, a moderately thick plexus is present in the layers I to III of most areas. The plexus is made up of short, oblique, twisted segments and isolated puncta that are most numerous beneath the pia mater. In most areas the density of SRIF-positive processes declines progressively below layer III, although an additional deep plexus in layer V or VI exists in some parts of frontal and occiptal cortex. (Figs. 2, 3 , and 7 to 9), a smaller number of NPY-positive cells appears to be present in monkey cortex while a greater number is present in the subcortical white matter. Processes arising from NPY-positive somata, although typically more completely stained than SRIF-positive processes, are also found to emerge at variable angles, to branch extensively, and to produce varied morphological patterns. Like SRIF-positive neurons, NPY-positive neurons in monkeys give off smooth primary processes, 1 to 4 pm in diameter. The smallest may resemble an axon but the largest can break up soon after its origin into fine branches identical to the smallest of primary processes. After one or two divisions, the NPYpositive processes become beaded and remain beaded over the considerable distances (1 to 1.5 mm) that some can be followed. They occasionally divide further, especially at what appears to be their terminal portions, where two or three closely spaced and to a lesser extent at the layer VI/white matter boundary.
NPY immunoreactivity
In between, long vertically and obliquely oriented processes are labeled. The density of labeling for NPY is greater than for SRIF in all layers. Bars = 100 pm.
divisions produce a dense tuft of short, finely beaded segments.
As in the case of SRIF-positive cells, there is a strong tendency for every NPY-positive cell in monkey cortex to give off one or more vertical processes. However, horizontally oriented processes are also common, as are branches that bend back to form clusters of beaded segments around their parent somata.
The NPY-positive neurons of rat cerebral cortex are homogeneously labeled and do not appear to be as numerous as SRIF-positive neurons. Thus, the contrast in the density of labeled neurons between the two species is not as striking for NPY-positive neurons as it is for SRIF-positive neurons. In the rat cerebral cortex, NPY-positive cells are virtually identical to the homogeneously labeled SRIF-positive neurons in the shapes and sizes of their somata and processes.
Although present in all layers, the greatest density of NPYpositive neurons in monkey cortex is found in a superficial band (layers II and IIIA) and a deep band (layer VI), and as with SRIF-positive neurons, there are apparently more NPY- . In area 3b the density of processes in layer I stained for both peptides is lower than the densities in area 4 (cf. Fig. 5 Figure 7 . Neurons in monkey cortex displaying NPY-like immunoreactivity. a, A neuron in layer III of area 4 gives off several processes of variable size that branch and become beaded. Note the vertical orientation of several of the branches. Bar = 25 pm. b, A neuron in layer V of area 4 gives off two large primary processes and one very thin process (arrow). Although this may be an axon, variability in process size is common and the thicker processes commonly break up into branches identical to the thin one shown here. Bar = 10 pm. c, Nomarski photomicrograph of a neuron in layer III of area 3b giving rise to vertically ascending and descending beaded processes. Bar = 25 pm. area 4 (Fig. 5a ) or area 3b (Fig. 6a) well stained-they exhibit the same irregular beading and tortuous bending seen in comparable SRIF-positive cells. Most adopt a vertically or obliquely ascending course and enter the overlying cortex after branching close to their parent somata. Some further branching can be seen in layer VI and occasionally layer V, but most processes of these cells ascend through layer IV to layer III, and some have even been traced into layer II without branching.
Plexuses of NPY-immunoreactive
processes. The greater number of processes stained for NPY-like immunoreactivity and the greater length of individual stained processes results in plexuses in monkey cerebral cortex that are much denser than plexuses of SRIF-positive processes (Figs. 4 to 6) . However, NPY-positive plexuses in monkey cortex have a laminar distribution similar to that of SRIF-positive plexuses and a similar relative density from area to area. In the precentral motor area, superficial (layers I and II) and deep (layer VI/ white matter junction) plexuses are separated by large numbers of radially oriented NPY-positive processes. Both SI and the parietal cortex possess a concentration of processes in the middle layers in addition to the superficial and deep plexuses. The large number of NPY-positive processes clearly reveals the rather tight laminar organization of the plexuses in monkey primary visual cortex (Fig. 6e) . As is the case for SRIF-like immunoreactivity, two relatively minor plexuses of NPY-positive processes are present in layer VI and in layers I and II. However, two middle plexuses similar to those seen with SRIF immunocytochemistry, bracketing layer IVC, are more richly stained for NPY-like immunoreactivity. The lower plexus in layer V is made up of horizontal and oblique processes, many of which appear to arise from cells in layer VI and the subcortical white matter. They are interspersed with long, radially ascending processes, a few of which pass through layer V and almost invariably end in layer IVCP. The upper plexus again occupies the deepest part of layer III, layer IVA, and most of layer IVB. In this plexus closely spaced bundles of radial processes mix with short twisted segments and thin horizontal processes. The radial bundles make up a system of processes running from the supragranular layers through layer IVB with some entering layer IV&. In virtually every case they terminate at or near the border of layers IVCa and IVCg. Thus the two middle plexuses of NPY-positive processes in primary visual cortex are separated by a band within layer IVC that contains relatively small numbers of radial processes derived from deep and superficial cells and meeting in the middle of layer IVC without intermingling.
The plexuses of NPY-positive processes in rat cerebral cortex closely resemble those formed by SRIF-positive processes. Despite the smaller number of NPY-positive cell bodies stained in the rat, the plexuses formed by processes of NPY-and SRIFpositive neurons are of equal density, are preferentially distributed in the supragranular layers, and are frequently made up of large, tight tangles of processes.
Coexistence of SRIF-and NPY-like immunoreactivity in mon- key cortical neurons. The possibility that some neurons in was contained in two adjacent sections stained with different monkey cerebral cortex or subcortical white matter display antisera was judged to colocalize the two peptides for the both SRIF-like and NPY-like immunoreactivity was examined purpose of quantification). Figure 3 illustrates the results of by incubating adjacent &pm-thick sections in each antiserum.
this experiment. The figure was made by plotting all SRIFIncubations were done in anti-NPY adsorbed with 10 nmol/pl positive and NPY-positive neurons from four alternating secof synthetic cyclic SRIF and in anti-SRIF adsorbed with 10 tions (numbers 2 through 5) from a series of six through the nmol/pl of synthetic NPY. The experiment is able to determine pre-and postcentral gyri. Sections 2, 4, and 6 were incubated the minimum number of stained neurons immunoreactive for with anti-SRIF, and sections 1, 3, and 5 were incubated with both peptides. (Only a neuron sectioned so that part of its soma anti-NPY. Double-labeled cells were identified in sections 1 2510 Hendry et al. Vol. 4, No. 10, Oct. 1984 The morphology of cortical neurons in which SRIF and NPY appear to be colocalized is the same as described for either population of peptide-positive neurons. The same variability of form with a tendency to give off beaded vertical processes is evident. On many occasions processes stained for SRIF could be followed into an adjacent section where they were found also 2512 Hendry et al. Vol. 4, No. 10, Oct. 1984 to be NPY positive (Fig. 11) . Therefore, the percentage of cells immunoreactive for both peptides is probably greater than that obtained from quantifying double-labeled somata alone.
Electron microscopy of peptide-positive terminals
Many vesicle-filled profiles displaying SRIF-or NPY-like immunoreactivity are found in monkey SI and precentral motor cortex (Fig. 12) . We call these profiles terminals because of their population of clear vesicles the same size as synaptic vesicles, but we have traced none of them to identifiable axons. When these terminals are followed through a series of sections they are found to be swellings between very thin (0.2 to 0.3 pm), smooth segments that may be either dendrites or axons.
Most SRIF-and NPY-positive terminals in each layer are rather homogeneously labeled with dense reaction product scattered throughout the cytoplasm (Fig. 12, a to d) . Reaction product is particularly abundant along the external surfaces of mitochondria and synaptic vesicles. Most vesicles within these terminals are small (40 to 50 nm), clear, and usually round, although occasional large dense-core vesicles (80 to 100 nm) are found that contain reaction product (Fig. 12, b and c). Within some terminals circular regions approximately the size of large dense-core vesicles exist, but they are devoid of either reaction product or other observable contents.
Many homogeneously labeled SRIF-positive terminals and a smaller proportion of similar NPY-positive terminals form observable synaptic contacts with one of a number of unlabeled postsynaptic elements. In all cases, these terminals form symmetric synaptic contacts (Fig. 12, a to c) . Most SRIF-positive terminals and some NPY-positive terminals appear to contact the shafts of medium-sized dendrites, some of which are radially oriented. We have not yet been able to determine from our examination of serial sections whether these postsynaptic dendrites are smooth or spiny or from what type of neuron they arise. SRIF-positive and NPY-positive terminals also form symmetric synapses onto profiles that are either spines or small dendritic shafts cut in cross-section.
The majority of homogeneously labeled NPY-positive terminals and a smaller proportion of SRIF-positive terminals lie adjacent to unlabeled profiles of spines, other terminals, dendrites of variable size, and somata, without forming synaptic contacts in single thin sections. Although the membranes separating the labeled terminals and unlabeled profiles are frequently parallel (Fig. 12d) , membrane thickenings are not evident.
Some NPY-positive terminals, serially sectioned throughout their extent, were not found to form synaptic contacts at any point along their lengths. Commonly NPY-positive or SRIF-positive terminals are adjacent to an unlabeled terminal containing small spherical vesicles and to the spine with which this makes an asymmetric synapse (Fig. 12d) . The membrane of the labeled terminal is parallel to the membranes of both the pre-and postsynaptic elements, but thickenings or other specializations are not apparent. A small number of NPY-or SRIF-positive terminals are not homogeneously labeled. These terminals are usually large (2 to 3 pm in diameter) and contain many small spherical vesicles as well as several well preserved, large dense-core vesicles (Fig.  12, e tog) . The immunocytochemical reaction product is found only within the large dense-core vesicles; none could be detected in the cytoplasm or along the membranes of mitochondria or small vesicles, even in a small number of terminals examined in serial sections. The synapses formed by these terminals are asymmetric.
The terminals synapse principally on large dendritic shafts, including some shafts that receive many other synaptic contacts. One such dendrite receiving an asymmetric synapse from a large NPY-positive terminal could be followed through serial sections to its parent soma, a large nonpyramidal cell in layer V of the precentral motor cortex.
Discussion
The idea that certain peptides may function either as classical neurotransmitters or as other less conventional modulators of neuronal activity has lead to widespread interest in their biosynthesis, cellular localization, and mode of action (for review see Hokfelt et al., 1980) . Of the two studied here, SRIF was first isolated as a hypothalamic peptide hormone (Brazeau et al., 1973) , but its neuroactivity (e.g., Renaud et al., 1975; Ioffe et al., 1978; Nicoll, 1978; Olpe et al., 1980) , its localization (Bennett-Clarke et al., 1980; Finley et al., 1981; McDonald et al., 1982c) , the identification of its putative receptors (Srikant and Patel, 1981) in many parts of the central nervous system, and the evidence that it is released from synaptosomes by depolarizing stimuli in a calcium-dependent manner (Iversen et al., 1978; Bennett et al., 1979) indicate it may act as a neurotransmitter.
By contrast, NPY was first isolated from porcine brain extracts using a strategy for detecting peptides with a carboxy-terminal alpha-amide (Tatemoto et al., 1982) , a characteristic of peptides with biological activity.
It is a member of the pancreatic polypeptide family. Although it appears to be widespread in the brain (Allen et al., 1983) , little is known about the exact localization of NPY or about its possible effects on neuronal activity. There is substantial evidence to indicate that immunocytochemical localization of APP-like immunoreactivity in the mammalian brain (Lundberg et al., 1980; Hokfelt et al., 1981; McDonald et al., 1982b) ; Vincent et al., 1982a, b) represents, instead, NPY immunoreactivity (see Allen et al., 1983) .
The two antisera to SRIF used in the present study are both directed against the 14-amino acid peptide SRIF-14. A prosomatostatin-related peptide made up of 28 amino acids (SRIF-28) has been isolated from rat brain, and since it includes SRIF-14 at its C-terminus (Benoit et al., 1982) , SRIF immunoreactivity seen in the present study, particularly in somata (Morrison et al., 1983) , may also represent the larger peptide. Staining of fine neuronal processes in rat neocortex has been reported previously using antisera against another prosomatostatin-related peptide (SRIF-28, 1-12) that includes the 12 Nterminal amino acids of SRIF-28 (Morrison et al., 1983) . The staining seen in the present study probably excludes SRIF-28, 1-12 and thus indicates that SRIF-14 or SRIF-28 can also be demonstrated in fine processes of rat and monkey neocortex. The localization in monkey cerebral cortex of SRIF-28, 1-12 and of another peptide derived from prosomatostatin (Lechan et al., 1983 ) is unknown.
In the present study we have been concerned with four primary issues. Vol. 4, No. 10, Oct. 1984 area and within an area? (3) What are their synaptic relationships? (4) Are the two peptides colocalized?
The present study indicates that all cells containing one or both peptides are nonpyramidal in form and can thus be considered intrinsic or local circuit, cortical neurons (Jones, 1975 (Jones, , 1983 . We could detect no evidence of afferent or efferent fibers containing the peptides. Other workers, studying the localization of SRIF or APP immunoreactivity, have also reported their localization in nonpyramidal cells of the rat (Finley et al., 1981; McDonald et al., 1982b, c; Vincent et al., 1982b) or human (Sorenson, 1982; Vincent et al., 1982a) cortex. Two other peptides, CCK and VIP, have also been localized in cortical nonpyramidal cells of rats (e.g., Innis et al., 1979; Emson et al., 1980; McDonald et al., 1982a, d) and primates (Hendry et al., 1983b) , and it appears that this is also true of the localization of enzyme markers for the presence of the transmitters acetylcholine and aspartic acid (Altschuler et al., 1983; Houser et al., 1983a) .
We consider that SRIF-immunoreactive cells and NPY-immunoreactive cells form a relatively homogeneous class of small, nonspiny, nonpyramidal neurons whose individuality cannot be expressed in the conventional terms bipolar, bitufted, multipolar, and so on. Some workers might prefer to regard the cells as belonging to several morphological types that can be specified by these names. We think it more important, however, to focus on the features that the cells have in common. Virtually all have small cell bodies and long beaded processes that have a strong tendency to become vertically oriented and to form plexuses of fine beaded branches in certain layers. In neither population of peptide-immunoreactive cells were clearly distinguishable axons seen in light microscopic preparations.
Neurons immunoreactive for SRIF, CCK, VIP, or APP have been referred to as bipolar, bitufted, or multipolar types in previus studies of the rat neocortex (Innis et al., 1979; Lo&n et al., 1979; Sims et al., 1980; Finley et al., 1981; McDonald et al., 1982a, b, c, d; Hendry et al., 1983b; Peters et al., 1983) . However, variability in the extent of staining of processes and differences in descriptions by different authors of the same immunoreactive cell type are common. This suggests again that the conventional morphological descriptions may not be particularly useful for classifying the peptide containing cortical neurons. Although it seems evident from our results that many SRIF-immunoreactive cells are also NPY immunoreactive, it is not known whether these cells also contain VIP or CCK. The differential distribution of VIP-and CCK-immunoreactive cells in comparison with SRIF-and NPY-immunoreactive cells would suggest that this is not the case. On the other hand, the overall similarity in the morphology of the cortical peptide neurons raises the issue of such multiple colocalization in at least some of them.
Neurons immunoreactive for ChAT, the rate-limiting enzyme in the synthesis of acetylcholine, also adopt several forms (Houser et al., 1983a) , although with many common features similar to those found among the peptide neurons. Similarly, some cortical neurons immunoreactive for GAD, the enzyme involved in the synthesis of GABA, can also resemble the peptide neurons (Ribak, 1978; Hendrickson et al., 1981; Houser et al., 1983b) . However, there is as yet no evidence for colocalization of a peptide with these markers for acetylcholine or GABA in cortical neurons.
Currently the best criteria for distinguishing morphological classes of intrinsic neuron in the cortex are axonal morphology (Jones, 1975) and sites of synaptic terminations (e.g., Fairen and Valverde, 1980) . In the case of GABAergic cortical neurons (Ribak, 1978; Peters et al., 1982; Hendry et al., 1983a) , different types can be detected on account of their individual patterns of synaptic organization. Comparison of synaptic sites indicates that both SRIF-and NPY-positive neurons of monkey cerebral cortex differ markedly from CCK-immunoreactive neurons of the cortex since the SRIF-and NPY-positive cells synapse mainly on small or medium-sized dendrites and on spines, and the CCK-positive cells synapse predominately on cell bodies and large proximal dendrites (Hendry et al., 1983b) . Additional investigation will be necessary to determine whether similar distinctions can be used for further classifying peptide-immunoreactive neurons into subtypes, since this might have more functional significance than light microscopic morphology alone.
The significance of the selective laminar distribution of SRIF-positive and NPY-positive somata and the plexuses formed by their processes is uncertain. It is possible that this distribution is related in some way to the distribution of certain afferent fiber systems or to that of neurons receiving the synapses of these afferents. One plexus, and the cells mainly forming it, is in the supragranular layers where corticocortical afferents end (Jones et al., 1978 (Jones et al., , 1979 . The deepest plexus in layer VI could have an association with cells at the center of one layer of thalamic afferent terminations and especially with cells projecting back to the thalamus (Lund et al., 1975; Gilbert and Kelly, 1975; Jones and Wise, 1977) . In most areas a few cell bodies and varying numbers of processes immunoreactive for SRIF or NPY are also present among the thalamocortical terminations in the middle layers. This is particularly clear in the primary visual cortex, where dense plexuses of SRIF-and NPY-positive processes overlap one of the principal layers of thalamocortical fiber terminations in layer IVA and bracket that in layer IVC.
Previous immunocytochemical studies of the localization of GAD in cells and processes (Hendrickson et al., 1981; Fitzpatrick et al., 1983) and of the localization of serotonin (Kosofsky et al., 1983) in afferent axons have also revealed a rather strict laminar organization of immunoreactive processes in the monkey primary visual area. The distribution of the SRIF-positive and NPY-positive plexuses in the monkey visual cortex (Hendrickson, 1983 ; present study) resembles that of serotoninpositive fibers (Kosofsky et al., 1983) in being very dense just above and below layer IVC. Dopamine P-hydroxylase-containing fibers also end in relation to layer IV and other layers (Foote et al., 1983) . The overlap of some transmitter-containing processes suggests the presence of combined effects of the various transmitters on cortical cells, but the nature of any differential effects that they exert, for example, on receptive field structure, has not been established.
Large numbers of SRIF-and NPY-positive cells are found in the subcortical white matter of monkeys. Preliminary tindings indicate that the white matter cells in monkeys receive synapses on their proximal processes (S. H. C. Hendry and E. G. Jones, unpublished observations) and thus are probably neurons. These cells send radial processes into layers VI-IVCP in monkey primary visual cortex and up to layers III and II in other areas of monkey cortex, where they contribute to the plexuses formed by the intracortical SRIF and NPY cells. It is not known whether these processes are axons or dendrites, although they look like the latter. Nor is the source of inputs to the white matter cells known. We observed no extremely large SRIF-positive cells in the subcortical white matter of monkeys such as those described in humans (Sorenson, 1982) .
The difficulty of determining whether processes given off by SRIF-or NPY-immunoreactive cells are axons or dendrites is not restricted to cells in the white matter. Some of the branches given off by a single peptide-positive neuron in any layer of monkey cortex are of the appropriate size and morphology to be axons, but the larger processes can soon branch to form indentical processes. Virtually all appear beaded in the light microscope, and all beaded processes seen with the electron microscope contain numerous synaptic vesicles. It is possible, therefore, that we are dealing with a class of cells without a conventional axon. In the electron microscope, synapses onto primary processes and proximal branches of the SRIF-and NPY-positive cells are evident (S. H. C. Hendry and E. G. Jones, unpublished observations), indicating that the processes probably function as dendrites. However, none of these processes has yet been followed for more than 40 Frn from its parent soma, therefore, whether processes receiving synapses also give them off from their more distal beaded portions has not yet been satisfactorily determined.
Our electron microscopic findings reveal that three types of SRIF-and NPY-immunoreactive terminals are present in monkey cerebral cortex: (I ) homogeneously labeled terminals forming symmetric synapses; (2) homogeneously labeled terminals forming no synaptic contacts; and (3) large terminals with only their large dense-core vesicles labeled, forming asymmetric synapses. It is likely that more extensive serial reconstructions of homogeneously labeled terminals will reveal most giving rise to symmetric synapses, although some terminals have been followed through series of sections and apparently do not synapse at any point.
The distribution of peptide immunoreactivity both in large dense-core vesicles and throughout the cytoplasm of terminals is common in the mammalian central nervous system (Pickel et al., 1977 (Pickel et al., , 1980 Barber et al., 1979; Aronin et al., 1981; DiFiglia et al., 1982a, b; DiFiglia and Aronin, 1982) , but the homogeneous labeling of terminals could conceivably result from the disruption of peptide-containing large dense-core vesicles during fixation or subsequent processing. Conversely, labeling of the large dense-core vesicles, particularly where this occurs in isolation, might also result during the tissue processing. The lack of labeling in large dense-core vesicles of most terminals in experimental material and in all terminals in control material suggests that our methods have not produced a general artifactual staining of all dense-core vesicles. Therefore, we tentatively conclude that there are two fundamentally distinct types of SRIF-and NPY-positive terminals, one with a mixed vesicle population and making symmetric or no synaptic contacts and a second with primarily dense-core vesicles and making asymmetric contacts.
Many of the symmetric synapses formed by SRIF-and NPYpositive terminals are on dendrites and spines, and the recipient cells therefore may be pyramidal or spiny nonpyramidal cells. Asymmetric synapses formed by the large SRIF-and NPYlabeled terminals occure on large dendrites covered with synapses. Similar dendrites have been identified previously in monkey precentral motor cortex as originating from large nonpyramidal cells of layers III to V (Sloper and Powell, 1979) , and one dendrite receiving an asymmetric synapse from an NPY-positive terminal was traced to a large nonpyramidal cell of layer V. Neurons of similar size, dendritic morphology, and synaptic density in monkey SI and motor cortex were found to be GAD positive (Hendry et al., 1983a) . These data are suggestive of synaptic relationships between the peptidergic neurons and several classes of other neurons in monkey cerebral cortex.
Whereas several studies have identified depolarizing or excitatory responses to SRIF application (Dodd and Kelly, 1978; Ioffe et al., 1978; Olpe et al., 1980; Phillis and Kirkpatrick, 1982) , other studies have found SRIF to produce inhibitory or mixed effects in cortical (Renaud et al., 1975) and hippocampal (Pittman and Siggins, 1981) neurons and at subcortical sites (Chan-Palay et al., 1982; Renaud and Padjen, 1977) . Rat cortical neurons in culture also exhibit mixed responses to SRIF application that are dependent upon the concentration of the peptide (Delfs and Dichter, 1983) , with excitatory effects occurring at low concentrations and inhibitory effects occurring at higher concentrations. It is tempting to suggest that the excitatory and inhibitory effects of SRIF might occur through release at the different types of synapses that we have identified: asymmetric synapses in the case of excitation and symmetric synapses in the case of inhibition. However, the proportion of asymmetric synapses formed by SRIF-positive terminals appears very low, possibly too low to account for the predominantly excitatory effects of SRIF. In the cortex, symmetric synaptic contacts are also made by terminals immunoreactive for CCK, another putative excitatory peptide (Hendry et al., 1983b ). It appears, therefore, that the traditional association of asymmetric synapses with excitatory effects and of symmetric synapses with inhibitory effects may not hold for peptidereleasing synapses in the cortex. In any case, only when physiological responses to SRIF release are determined at synapses examined ultrastructurally and the nature of transmitter-receptor interactions is identified at these synapses will it be clear whether the differences in response to SRIF are associated with differences in synaptic morphology.
In comparing SRIF-positive and NPY-positive neurons in rat and monkey cerebral cortex it is clear that a much greater proportion of cells in rats is immunoreactive for either peptide. We have also noted a similar difference in the proportion of rat and monkey cortical neurons immunoreactive for CCK (Hendry et al., 1983b) . It is possible that the peptides are present in lower concentrations within neuronal somata in the monkey cortex, making it difficult to detect them immunocytochemically. However, attempts to increase the levels of SRIF and NPY in monkey cortex by injections of colchicine produced no increase in the number of immunocytochemically stained cells. It is also possible that a different molecular form of SRIF and NPY predominates in monkey cerebral cortex and that it is less well recognized by the antisera used. On the other hand, the results may reflect a genuine species difference in the populations of SRIF-and NPY-positive neurons, both in the cortex itself and in the subcortical white matter.
